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They were a very handicapped group of children, nearly all were deaf, over twothirds had ocular defects, and over half had cardiac defects. 15 children had a single defect. Abnormal finger patternings were present in 35 %, but 21% of the mothers of these children had similar patterning. Only 9 children attended normal schools, the rest attended partial hearing units of residential schools for the deaf, and 24 children were in residential care for the mentally subnormal. Of the patients who had left school, 3 work in sheltered workshops, and 4 work as unskilled labour. No patient known to have had rubella antibody has lost antibody and there was no loss of immunological competence.
In the past 30 years rubella has been clearly identified as a cause of fetal damage. Much information has been collected on the progress of the severely handicapped child up to school age (Sheridan, 1964) , but less is known about his further prospects, and of the children with less severe handicaps.
Since 1962 the staff of the Department of Microbiology have made a special study of the relation between infection in pregnancy and congenital defects, and in particular into the effect of rubella as a cause of fetal damage. As part of this study, it was felt that all the patients seen and closely studied during their earlier years should be reassessed, paying special attention to their development and adaptation to their handicaps, together with their antibody and immunological status. Among the important recent work on rubella, two aspects were particularly relevant to this study: firstly, the work of Menser, Dods, and Harley (1967) from Sydney, where they reported a 25-year follow-up of a group of patients with congenital rubella, and showed that many of these patients had become well adjusted despite severe handicaps; and secondly, the work of Kenrick et al. (1968) and Hardy et al. (1969) in which a few patients with Received 15 October 1971. congenital rubella had no detectable rubella antibody.
In various studies it has been suggested that environmental teratogens could affect dermatoglyphs (Achs, Harper, and Siegel, 1966) and that dermatoglyphs may serve as a marker of a deleterious intrauterine experience (Alter and Schulenberg, 1966) . It was felt that in this group of patients with a known deleterious intrauterine experience, it would be useful to record the dermatoglyphs. Finger patterns were chosen as the factor to record, because it would be possible to compare our results with the data supplied by Purvis-Smith and Menser (1968 (Fig. 1) . The increase in numbers over this age period represents the effects of the rubella epidemic of [1961] [1962] in Great Britain, and of the improved methods of diagnosis due to the rubella antibody estimations introduced at this time.
Maternal history. A history of rubella in pregnancy was present in 54 cases; the timing of infection ranged from 2 weeks before conception to the 20th week of pregnancy. A history of rubella contact during the pregnancy was reported in 6 cases.
Patients. The frequency of rubella-type abnormalities is shown in Table I , and the individual grouping of abnormalities in these patients is shown in Table II . It can be seen that nearly all the ..:.,.,-i-E ,:
. : : -f . . : , ; , , , : : -0 . Birthweights. Thirty-two children (44%) had a birthweight below the 10th centile for weight and maternal gestation (Butler and Alberman, 1969) , but this was not a common factor throughout the group as a whole ( Fig. 2 ). There were clear exceptions. Of the children with deafness alone (Fig. 2B) , only 2 had a birthweight below the 10th centile; of those with a heart defect ( Fig. 2C ), 53% were below the 10th centile; but it was the multiply- (a) Bilateral cataracts. Only 3 of the 31 children with bilateral cataracts were considered to have any useful vision, the best being 6/36 corrected. These 3 children were also deaf, but they had a normal IQ and were able to function within an educational system; 2 were at boarding schools for the deaf, and one at a boarding school for the multiplyhandicapped. Nearly all these children with bilateral cataracts were also severely deaf and were regarded as severely subnormal, though the distinction between hearing loss and intellectual immaturity was often difficult to determine. 20 children with bilateral cataracts had cardiac lesions, and 6 had cerebral palsy.
(b) Unilateral cataract. 21 children had unilateral cataract; pigmentary retinopathy of the rubella type was present in the other eye in 15 patients, and in all 21 there was normal visual acuity. 14 had a significant cardiac lesion; 9 had persistent ductus arteriosus ligated in infancy, 3 had a pulmonary stenosis, and 2 had a ventricular septal defect (VSD). Dental abnormalities. These were present in 34 patients; caries (greater than one would expect from the present population) was present in 18 patients, gross malpositioning occurred in 11 patients, of whom 7 also had carious teeth, and late dentition occurred in 5 patients; 3 had their eruption of milk teeth occurring after the first year of life and 2 had delay in their second dentition.
Other defects. Other defects not usually considered of rubella type occurred in 26 children (Table IV) . 8 children had undescended testes and this figure should probably be higher as the information was not available on all children. One child developed a slow onset of hydrocephalus at the age of 10 years, and a Spitz-Holter valve was inserted for aqueduct stenosis. Employment. Seven patients are now at work. 4 had attended secondary modem schools and 3 had attended schools for the deaf. Of the 4 patients who attended secondary modern school, one passed two GCE examinations and is working satisfactorily in an insurance office, 2 are working as general helps in an office and a store, but find the work unstimulating and unsatisfactory. The older boy with minimal sight works at a centre for the disabled. Of the deaf, 2 now work in sheltered workshops and one is a machine operator.
Finger patterning. Investigating the finger patterning of these patients, 14/36 (38%) Caucasian children and 4/11 (36%) West Indian children with congenital rubella had 8 or more whorls. In the study of patients with congenital rubella by Purvis-Smith and Menser (1968) , 28% had 8 or more whorls, and this compares to the general population where these authors found 7% could be expected to have this type of finger patterning and in our control series 0% had this finding (Fig. 3) .
The observation was made, however, that in the majority of children with unusual patterning, the mothers also had a similar configuration. In the Caucasian group of mothers and children, 18/24 pairs both had a higher whorl count than is expected in the general population, and 35% of children and 21 % of mothers had 8 or more whorls, and in the West Indian group 5/6 pairs were unusual.
itients with Congenital Rubella 335
The mother had rubella antibody and the child was seronegative when antibody estimates were first made at 5 years of age. In 2 of these children there was a maternal history of contact with rubella at the 2nd and 3rd weeks of pregnancy Only 3 of the 31 children with bilateral cataracts had minimal vision preserved; 1 had his operations completed by 1 year and the other 2 by 18 months; 2 have glasses at 6/36 and 1 at 6/60 with N.18 for reading.
The children with heart defects had all done well after surgical correction. If surgical intervention was necessary this was usually performed in infancy; after successful correction cardiac abnormalities played little part in school selection or close follow-up.
There were only 13 children with a single defect, of whom 11 had deafness alone, 2 of the deaf children were one each of a pair of twins. Apart from these all but one of the children with deafness alone had a birthweight above 2 8 kg and all except this child had subsequent heights and weights above the 10th centile. This bears out what has been previously shown (Gumpel, Hayes, and Dudgeon, 1971) , that children whose only defect resulting from intrauterine rubella is deafness may have an average birthweight and subsequent normal physical development.
The children who were deaf alone and attended a PHU attached to normal schools were in general doing well, both socially and academically in spite of the fact that their deafness was very severe (in the region of 70-80 decibels loss over the speech range), and that their verbal output was virtually nil. In some of these children the main component in the disability was language disorders, where sounds could be heard but interpretation of sounds was the problem. As to the timing of identification of the deafness, in general the more severely deaf the child, the earlier it was recognized; in general the deafness was noticed by 18 months and help sought. Hearing aids were universally tried, and in approximately half of the children benefit was obtained from them, but this was completely dependent on the supportive help by the mother, health visitors, and peripatetic teachers.
There were examples among these deaf children of possible increasing deafness after infancy, though in this group of patients there was no direct history of a child making meaningful sounds that had ceased with time, but there was reported increasing lack of appreciation of sounds in otherwise bright children. Noticeable benefit was obtained from hearing aids; many mothers described how in spite of there being no verbal output from the child, when the aid was in situ and working the child appeared 'switched on'; without it, they were no longer in communication with their surroundings. This group of children tended to want their aids, and to bring them for repair immediately if they stopped working.
The most important point arising from reexamining these deaf children is to re-emphasize the value of supportive help and follow-through required by the mothers during the child's earliest years. Every conceivable problem will arise in the use of mechanical aids, and failure will result if they are not used properly and at the right time.
The unexpected finding of a similar finger patterning in both mother and child in this group suggests that in future investigations of dermatoglyphs, parental patterning should also be included, particularly before interpretation involving intrauterine insult can be concluded.
Maternal infection occurred from the month before conception in 4 children to the 20th week of the pregnancy. In the 4 children where maternal rubella occurred before conception, 3 had unilateral cataract, deafness, and a heart lesion, and the fourth child had bilateral cataracts and severe deafness requiring institutional care. As has been previously shown (Cooper and Krugman, 1967) , the earlier the infection in general the more severe is the abnormality. However, in this group combinations of 3 or 4 major rubella defects occurred after maternal rubella between the 12th and 16th week of the pregnancy, as also reported by Forrest and Menser (1970) , and in one child maternal infection was reported to have occurred between the 16th and 20th week and the child had heart disease, bilateral cataracts, deafness, and mental subnormality.
No child previously shown to have rubella antibody had lost antibody. This compares with the findings of Hardy et al. (1969) where 7/20 patients had lost antibody by 4 years of age. 2 of the 4 children with no rubella antibody on first testings over the age of 4 years may well be children with congenital rubella, who have lost antibody. Over the age of 3 to 4 years there was no decline in rubella antibody, in contrast to the finding of
